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REACTIVE COMPOSITIONS INCLUDING METAL AND METHODS OF FORMING SAME 



FIELD OF THE INVENTION 
[0001] This invention relates generally to an insensitive, highly energetic composition. 
More specifically, the invention relates to a composition that includes a metal material and an 
energetic material. 

BACKGROUND OF THE INVENTION 
[0002] Many explosive, pyrotechnic, and incendiary compositions are known in the art. 
To form these compositions, a fiiel is typically dispersed in an organic, energetic material, such as in 
trinitrotoluene ("TNT"). TNT is commonly used as the energetic material in explosive 
compositions because it is stable and insensitive. Some common examples of military explosives 
that include TNT are tritonal, cyclotol, Composition B, DBX, and octol. Tritonal includes 20% 
aluminum and 80% TNT. Cyclotol includes 65%-75% cyclo-l,3,5-trimethylene-2,4,6-trinitramine 
("RDX"; also known as hexogen or cyclonite) and 25-35% TNT. Composition B includes 60-64% 
RDX and 36-40% TNT. DBX includes 21% RDX, 21% ammonium nitrate, 18% aluminum, and 
40% TNT. Octol includes 70-75% cyclotetramethylene tetranitramine ("HMX"; also known as 
octogen) and 25-30% TNT. These TNT-containing explosive compositions are produced into a 
usable form by casting or pressing processes. Casting is more versatile and convenient for loading 
the explosive, pyrotechnic, or incendiary composition than pressing and, therefore, is a more 
desirable process. 

[0003] In casting, the energetic material is heated to a temperature above its melting point 
to produce a liquid phase, which is also referred to as a melt phase or a casting material. The 
energetic material is melted by placing it in a vessel, such as a kettle, and heating to a temperature 
above its melting point. The fuel, which is typically a solid material, is then dispersed in the organic 
melt phase. In such a mixture, the energetic material forms a continuous phase and the fuel is a 
dispersed phase. The mixture is poured into a container, such as a mold or a charge case, and 
allowed to soUdify by cooling to produce the explosive, pyrotechnic, or incendiary composition. 
This technique is known as a "melt-pour" process because the energetic material is melted, the fuel 
is added, and the resulting mixture is poured into the desired mold. Many explosive, pyrotechnic, or 



incendiary compositions that contain TNT as an energetic material are produced by melt-pour 
processes because TNT has a relatively low melting point compared to the other components in 
conventional compositions. TNT has a melting point of approximately 81°C and remains a liquid at 
temperatures ranging from approximately 81°C to 105°C. In contrast, many other chemical 
components of the explosive, pyrotechnic, or incendiary compositions, such as RDX and HMX, 
have melting points greater than 200^^0. One example of an explosive composition produced by a 
melt-pour process is tritonal, which contains aluminum and TNT. The aluminum is present as a 
powder and is dispersed in the TNT. 

[0004] Explosive, pyrotechnic, and incendiary compositions also typically have a density 
of 1 .5 g/cm^ -1.7 gm/cm^. However, explosive, pyrotechnic, or incendiary compositions with 
higher densities have improved performance attributes and, therefore, are desired. While the 
performance attributes cannot be expressed by a single parameter, military explosives typically 
require a higher performance concentration per unit volume, a faster reaction rate, an increased 
detonation Velocity, and a larger impact effect of detonation than industrial explosives. However, 
the performance attributes of military explosives also depend on a desired application for the 
explosive composition. For instance, if the explosive, pyrotechnic, or incendiary composition is 
used in mines, bombs, mine projectiles, or rocket warhead charges, the composition should have a 
high gas impact, a large gas volume, and a high heat of explosion. If the explosive, pyrotechnic, or 
incendiary composition is used in grenades, the composition should have a high speed splinter 
formation, a high loading density, and a high detonation velocity. In shaped charges, the explosive, 
pyrotechnic, or incendiary composition should have a high density, a high detonation velocity, a 
high strength, and high brisance. Brisance is the destructive fragmentation effect of a charge on its 
immediate vicinity and is used to measure the effectiveness of the composition. Brisance depends 
on the detonation velocity, heat of explosion, gas yield, and compactness or density of the 
composition. 

[0005] Numerous explosive compositions are known in the art. As described in United 
States Patent No. 5,339,624, WO 93/21135, and EP 0487472, all to Caisson et al, an explosive 
composition having a mechanical alloy is disclosed. The mechanical alloy is formed from solid 
dispersions of metallic materials, with at least one of the metallic materials being a ductile metal. 
The metallic materials react exothermically with one another to form a fusible alloy that provides 
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additional energy to the explosion. The metallic materials include titanium, boron, zirconium, 
nickel, manganese and aluminum. 

[0006] It would be desirable to produce a composition that is highly insensitive and highly 
energetic for use in military and industrial explosives. Optionally, the desired composition would 
be suitable for production in existing melt-pour facilities so that new equipment and facilities do not 
have to be developed. 

BRIEF SUMMARY OF THE INVENTION 
[0007] The present invention comprises a reactive composition that includes a metal 
material and an energetic material, such as at least one oxidizer, at least one class 1.1 explosive, or 
mixtures thereof The metal material defines a continuous phase and has the energetic material 
dispersed therein. The metal material may have a density greater than approximately 7 g/cm^ and 
may be a fusible metal alloy having a melting point ranging fi'om approximately 46°C to 
approximately 250°C. The fusible metal alloy may include at least one metal selected firom the 
group consisting of bismuth, lead, tin, cadmium, indium, mercury, antimony, copper, gold, silver, 
and zinc. The energetic material may be selected from the group consisting of ammonium 
perchlorate, potassium perchlorate, sodium nitrate, potassium nitrate, ammonium nitrate, lithium 
nitrate, rubidium nitrate, cesium nitrate, lithium perchlorate, sodium perchlorate, rubidium 
perchlorate, cesium perchlorate, magnesium perchlorate, calcium perchlorate, strontium perchlorate, 
barium perchlorate, barium peroxide, strontium peroxide, copper oxide, trinitrotoluene, 
cyclo-l,3,5-trimethylene-2,4,6-trinitramine, cyclotetramethylene tetranitramine, 
hexanitrohexaazaisowurtzitane, 4, 1 0-dinitro-2,6,8, 12-tetraoxa-4, 10-diazatetracyclo-[5.5.0.0^'^.0^'* '] 
-dodecane, 1,3,3-trinitroazetine, ammonium dinitramide, 2,4,6-trinitro-l,3,5-benzenetriamine, 
dinitrotoluene, sulfur, and mixtures thereof The reactive composition may have a density greater 
than approximately 2 g/cm"^. 

[0008] The reactive composition may further include a polymer/plasticizer system. The 
polymer/plasticizer system may include at least one polymer selected from the group consisting of 
polyglycidyl nitrate, nitratomethylmethyloxetane, polyglycidyl azide, diethyleneglycol 
triethyleneglycol nitraminodiacetic acid terpolymer, poly(bis(azidomethyl)oxetane), 
poly(azidomethyhnethyl-oxetane), poly(nitraminomethyl methyloxetane). 
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poly(bis(difluoroaminomethyl)oxetane), poly(difluoroaminomethylinethyloxetane), copolymers 
thereof, cellulose acetate butyrate, nitrocellulose, nylon, polyester, fluoropolymers, energetic 
oxetanes, waxes, and mixtures thereof The polymer/plasticizer system may also include at least 
one plasticizer selected from the group consisting of bis(2,2-dinitropropyl)acetal/bis(2,2 
-dinitropropyl)formal, dioctyl sebacate, dimethylphthalate, dioctyladipate, glycidyl azide polymer, 
diethyleneglycol dinitrate, butanetrioltrinitrate, butyl-2-nitratoethyl-nitramine, 
trimethylolethanetrinitrate, triethylene glycoldinitrate, nitroglycerine, isodecylperlargonate, 
dioctylphthalate, dioctylmaleate, dibutylphthalate, di-n-propyl adipate, diethylphthalate, 
dipropylphthalate, citroflex, diethyl suberate, diethyl sebacate, diethyl pimelate, and mixtures 
thereof 

[0009] The present invention also comprises a method of producing a reactive 
composition. The method includes providing a metal material in a liquid state and adding an 
energetic material to the metal material. The metal material may be a fusible metal alloy having a 
melting point below a processing temperature of the reactive composition. For instance, the metal 
material may be a fusible metal alloy having a melting point ranging from approximately 46°C to 
approximately 250°C. The fiisible metal alloy may include at least one metal selected from the 
group consisting of bismuth, lead, tin, cadmium, indium, mercury, antimony, copper, gold, silver, 
and zinc. The energetic material may be selected from the group consisting of ammonium 
perchlorate, potassium perchlorate, sodium nitrate, potassium nitrate, ammonium nitrate, lithium 
nitrate, rubidium nitrate, cesium nitrate, hthium perchlorate, sodium perchlorate, rubidium 
perchlorate, cesium perchlorate, magnesium perchlorate, calcivun perchlorate, strontium perchlorate, 
barium perchlorate, barium peroxide, strontium peroxide, copper oxide, trinitrotoluene, 
cyclo-1 ,3,5-trimethylene-2,4,6-trinitramine, cyclotetramethylene tetranitramine, 
hexanitrohexaazaisowurtzitane, 4, 1 0-dinitro-2,6,8, 1 2-tetraoxa-4, 1 0-diazatetracyclo-[5 . 5 .0.O^'^.O^'^ ^ ] 
-dodecane, 1,3,3-trinitroazetine, ammonium dinitramide, 2,4,6-trinitro-l,3,5-benzenetriamine, 
dinitrotoluene, sulfur, and mixtures thereof The reactive composition may have a density greater 
than approximately 2 g/cm^. 

[0010] The method may further include adding a polymer/plasticizer system to the 
reactive composition. The polymer/plasticizer system may include at least one polymer selected 
from the group consisting of polyglycidyl nitrate, nitratomethyhnethyloxetane, polyglycidyl azide. 
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diethyleneglycol triethyleneglycol nitraminodiacetic acid terpolymer, poly(bis(azidomethyl) 
-oxetane), poly(azidomethylmethyl-oxetane), poly(nitraminomethyl methyloxetane), 
poly(bis(difluoroaminomethyl)oxetane), poly(difluoroaminomethylmethyloxetane), copolymers 
thereof, cellulose acetate butyrate, nitrocellulose, nylon, polyester, fluoropolymers, energetic 
oxetanes, waxes, and mixtures thereof The polymer/plasticizer system may also include at least 
one plasticizer selected from the group consisting of bis(2,2-dinitropropyl)acetal/bis(2,2 
-dinitropropyl)formal, dioctyl sebacate, dimethylphthalate, dioctyladipate, glycidyl azide polymer, 
diethyleneglycol dinitrate, butanetrioltrinitrate, butyl-2-nitratoethyl-nitramine, 
trimethylolethanetrinitrate, triethylene glycoldinitrate, nitroglycerine, isodecylperlargonate, 
dioctylphthalate, dioctylmaleate, dibutylphthalate, di-n-propyl adipate, diethylphthalate, 
dipropylphthalate, citroflex, diethyl suberate, diethyl sebacate, diethyl pimelate, and mixtures 
thereof. 

[001 1] The present invention also comprises a method of improving homogeneity of a 
reactive composition. The method includes providing a metal material in a hquid state. The metal 
material may be a fusible metal alloy having a melting point ranging from approximately 46°C to 
approximately 250°C, The fiisible metal alloy may include at least one metal selected from the 
group consisting of bismuth, lead, tin, cadmium, indium, mercury, antimony, copper, gold, silver, 
and zinc. The metal material may be present in the reactive composition from approximately 13.5% 
by weight to approximately 85% by weight. An energetic material is added to the metal material in 
the liquid state. The energetic material may be selected from the group consisting of ammonium 
perchlorate, potassium perchlorate, sodium nitrate, potassium nitrate, ammonium nitrate, lithium 
nitrate, rubidium nitrate, cesium nitrate, lithium perchlorate, sodium perchlorate, rubidium 
perchlorate, cesium perchlorate, magnesium perchlorate, calcium perchlorate, strontium perchlorate, 
barium perchlorate, barium peroxide, strontium peroxide, copper oxide, trinitrotoluene, 
cyclo-l,3,5-trimethylene-2,4,6-trinitramine, cyclotetramethylene tetranitramine, 
hexanitrohexaazaisowurtzitane, 4, 1 0-dinitro-2,6,8, 12-tetraoxa-4, 1 0-diazatetracyclo-[5 .S.O.O^'^.O^'^ * ] 
-dodecane, 1,3,3-trinitroazetine, ammonium dinitramide, 2,4,6-trinitro-l,3,5-benzenetriamine, 
dinitrotoluene, sulfiir, and mixtures thereof. 

[0012] A polymer/plasticizer system is added to a mixture of the energetic material and 
the metal material The polymer/plasticizer system may include at least one polymer selected from 
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the group consisting of polyglycidyl nitrate, nitratomethylmethyloxetane, polyglycidyl azide, 
diethyleneglycol triethyleneglycol nitraminodiacetic acid terpolymer, poly(bis(a2idomethyl) 
-oxetane), poly(azidomethylniethyl-oxetane), poly(nitraminomethyl methyloxetane), 
poly(bis(difluoroaminomethyl)oxetane), poly(difluoroaminomethylmethyloxetane), copolymers 
thereof, cellulose acetate butyrate, nitrocellulose, nylon, polyester, fluoropolymers, energetic 
oxetanes, waxes, and mixtures thereof The polymer/plasticizer system may also include at least 
one plasticizer selected from the group consisting of bis(2,2-dinitropropyl)acetal/bis(2,2 
-dinitropropyl)formal, dioctyl sebacate, dimethylphthalate, dioctyladipate, glycidyl azide polymer, 
diethyleneglycol dinitrate, butanetrioltrinitrate, butyl-2-nitratoethyl-nitramine, 
trimethylolethanetrinitrate, triethylene glycoldinitrate, nitroglycerine, isodecylperlargonate, 
dioctylphthalate, dioctylmaleate, dibutylphthalate, di-n-propyl adipate, diethylphthalate, 
dipropylphthalate, citroflex, diethyl suberate, diethyl sebacate, diethyl pimelate, and mixtures 
thereof 

BRIEF DESCRIPTION OF THE SEVERAL- VIEWS OF THE DRAWINGS 
[0013] While the specification concludes with claims particularly pointing out and 

distinctly claiming that which is regarded as the present invention, the advantages of this invention 

may be more readily ascertained from the following description of the invention when read in 

conjunction with the accompanying drawings in which: 

[0014] FIGs. 1-3 illustrate compressive strength test results of reactive compositions 

according to the present invention that mclude the polymer/plasticizer system; and 

[0015] FIGs. 4-7 show photographs of pellets of the reactive compositions before and 

after the compressive strength tests. 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] A reactive composition that includes a metal material and an energetic material is 
disclosed. The metal material defines a continuous phase into which the energetic material is 
dispersed. The reactive composition may produce at least one of hght, heat, motion, noise, pressure, 
or smoke when initiated. The metal material provides a metallic melt phase into which the energetic 
material may be added and dispersed. By utilizing a metal material that is capable of providing a 
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metallic melt phase, the reactive composition may have an improved performance compared to 
conventional reactive compositions. The reactive composition may be highly energetic when 
intentionally discharged but also insensitive to accidental discharge. As such, the reactive 
composition may have utiHty in a wide range of ordnance, such as in bullets, reactive bullets, 
grenades, warheads (including shape charges), mines, mortar shells, artillery shells, bombs, and 
demolition charges. 

[0017] The metal material may be a metal or a metal alloy having a melting point lower 
than a temperature used to process the reactive composition. The melting point of the metal 
material may range from approximately 46°C to approximately 250°C, such as from approximately 
75°C to approximately 105°C. The metal material may have a density of greater than 
approximately 7 g/cm^ and may be unreactive with other components of the reactive composition, 
such as the energetic material. If the metal material is an elemental metal, the elemental metal may 
include gallium ("Ga"), indium ("In"), lithium ("Li"), potassium ("K"), sodium ("Na"), or tin 
("Sn"). The metal material may ako be a fiisible metal alloy. As used herein, the term "fiisible 
metal alloy" refers to an eutectic or noneutectic alloy that includes transition metals, post-transition 
metals, or mixtures thereof, such as metals from Group HI, Group IV, and/or Group V of the 
Periodic Table of the Elements, The metals used in the fusible metal alloy may include, but are not 
limited to, bismuth ("Bi"), lead ("Pb"), tin ("Sn"), cadmium ("Cd"), indium ("In"), mercury ("Hg"), 
antimony ("Sb"), copper ("Cu"), gold ("Au"), silver ("Ag"), and/or zinc ("Zn"). Fusible metal 
alloys are known in the art and are commercially available from sources including, but not limited 
to, Indium Corp. of America (Utica, NY), Alchemy Castings (Ontario, Canada, and Johnson 
Mathey PLC (Wayne, PA). While the ftisible metal alloy may include any of the previously 
mentioned metals, the fusible metal alloy may be free of toxic metals, such as lead and mercury, to 
minimize environmental concerns associated with clean-up of the reactive composition. 

[0018] For the sake of example only, the fiisible metal alloy may be Wood's Metal, which 
has 50% Bi, 25% Pb, 12.5% Sn, and 12.5% Cd and is available from Sigma-Aldrich Co. (St. Louis, 
MO). Wood's Metal has a melting point of approximately 70°C and a density of 9.58 g/cm^. The 
fiisible metal alloy may also be Indalloy® 174, which has 57% Bi, 26% In, and 17% Sn. Indalloy® 
174 has a melting point of 174°F (approximately 79''C), a density of 8.54 g/cm\ and is 
commercially available from Indium Corp. of America (Utica, NY). Indalloy® 162, which has 
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33.7% Bi and 66.3% In, may also be used as the fusible metal alloy. Indalloy 162 has a melting 
point of 162°F (approximately 72°C), a density of 7.99 g/cm^, and is commercially available from 
Indium Corp. of America (Utica, NY). Other Indalloy® materials are available from Indium Corp. 
of America and may be used in the reactive composition. These Indalloy® materials are available in 
a range of melting points (from approximately 60°C to approximately 300°C) and include a variety 
of different metals. As such, the fiisible metal alloy may be selected depending on a desired melting 
point and the metals used in the fiisible metal alloy. 

[0019] The energetic material used in the reactive composition may be an organic or 
inorganic energetic material, such as at least one class 1.1 explosive, at least one oxidizer, or 
mixtures thereof Any conventional energetic material may be used in the reactive composition 
provided that the energetic material does not decompose at the temperature used to process the 
reactive composition. The energetic material may be a solid material at ambient temperature and 
either a solid or a liquid material at the processing temperature. The energetic material may also 
have a density that is less than the density of the metal material. Preferably, the energetic material 
has a density of less than approximately 2.5 g/cm"^. For instance, if the energetic material is an 
organic material, it may have a density less than approximately 2.0 g/cm^. If the energetic material 
is an inorganic material, the density may be less than approximately 2.5 g/cm^. The class 1.1 
explosive may include, but is not limited to, TNT, RDX, HMX, hexanitrohexaazaisowurtzitane 
("CL-20"; also known as HNIW), 4,10-dinitro-2,6,8,12-tetraoxa-4,10-diazatetracyclo 
-[5.5.0.0^'^0^'^*]-dodecane ("TEX"), ammonium dinitramide ("ADN"), 1,3,3-trinitroazetine 
("TNAZ"), 2,4,6-trimtro-l,3,5-benzenetriamine ("TATB"), dinitrotoluene ("DNT"), and mixtures 
thereof The oxidizer may be sulfiir or a nitrate, perchlorate, or oxide, such as an alkali or alkaline 
metal nitrate, an alkali or alkaline metal perchlorate, or an alkaline metal peroxide including, but not 
limited to, ammonium nitrate ("AN"), ammonium perchlorate ("AP"), sodium nitrate ("SN"), 
potassium nitrate ("KN"), lithium nitrate, rubidium nitrate, cesium nitrate, lithium perchlorate, 
sodium perchlorate, potassium perchlorate ("KP"), rubidium perchlorate, cesium perchlorate, 
magnesium perchlorate, calcium perchlorate, strontium perchlorate, barium perchlorate, barium 
peroxide, strontium peroxide, copper oxide, and mixtures thereof While the examples described 
herein disclose that the reactive composition includes a single energetic material and a single fiisible 
metal alloy, the reactive composition may also include more than one energetic material as well as 



9 



more than one fusible metal alloy. Therefore, the reactive composition may be described as 
including at least one energetic material and at least one fusible metal alloy. 

[0020] The relative amounts of the metal material and the energetic material present in the 
reactive composition may vary depending on the desired application for the reactive composition. 
For instance, the metal material may be present in the reactive composition from approximately 
10% to approximately 90%. The energetic material may be present from approximately 10% to 
approximately 90%. 

[0021] The reactive composition may optionally include additional components 
depending on a desired application for the reactive composition. The additional components may 
optionally be present in the reactive composition at a minimum amount sufficient to provide the 
desired properties. For instance, the reactive composition may optionally include a second metal 
material that remains solid at the processing temperature. The second metal material may enhance 
blast effects, such as to increase blast overpressures and thermal output. The second metal material 
may include, but is not limited to, aluminum, nickel, magnesium, siHcon, boron, berylUum, 
zirconium, hafiiium, zinc, tungsten, molybdenum, copper, or titanium, or mixtures thereof, such as 
aluminum hydride ("AIH3" or alane), magnesium hydride ("MgH2")5 or borane compounds 
("BH3"). In addition to BH3, the borane compounds may include stabilized compounds, such as 
NH3-BH3. Sulfur may also be used in the reactive composition. The second metal material may be 
in a powdered or granular form. The second metal material may be present in the reactive 
composition from approximately 0.5% to approximately 60%. Percentages of each of the 
components in the reactive composition are expressed herein as percentages by weight of the total 
reactive composition. 

[0022] The reactive composition may also optionally include conventional binders or 
filler materials. Energetic polymers, inert polymers, or fluoropolymers may also optionally be used 
to optimize the rheological properties of the reactive composition or as a processing aid. The 
polymer may soften or melt at the processing temperature. The polymer may be present in the 
reactive composition from approximately 0.5% to approximately 50%, such as from approximately 
0.5% to approximately 5%. The polymer may include, but are not limited to, polyglycidyl nitrate 
("PGN"), nitratomethyhnethyloxetane ("polyNMMO"), polyglycidyl azide ("GAP"), 
diethyleneglycol triethyleneglycol nitraminodiacetic acid terpolymer ("9DT-NIDA"), 
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poly(bis(azidomethyl)oxetane) ("polyBAMO")? poly(azidomethylmethyloxetane) ("polyAMMO"), 
poly(nitraminomethyl methyloxetane) ("polyNAMMO"), poly(bis(difluoroaminoniethyl)oxetane) 
("polyBFMO"), poly(difluoroaminomethylmethyloxetane) ("polyDFMO"), copolymers thereof, 
and mixtures thereof. The polymer may also include cellulosic polymers, such as cellulose acetate 
butyrate ("CAB") or nitrocellulose; nylons; polyesters; fluoropolymers; energetic oxetanes; waxes; 
and mixtures thereof. 

[0023] Graphite, silica, or polytetrafluoroethylene (Teflon®) compounds may also 
optionally be used in the reactive composition as a processing aid or for reaction enhancement. The 
reactive composition may also optionally include energetic plasticizers or inert plasticizers 
including, but not limited to, bis(2,2-dinitropropyl)acetal/bis(2,2-dinitropropyl)formal 
("BDNPA/F"), dioctyl sebacate ("DOS"), dimethylphthalate ("DMP"), dioctyladipate ("DOA"), 
glycidyl azide polymer ("GAP"), diethyleneglycol dinitrate ("DEGDN"), butanetrioltrinitrate 
("BTTN"), butyl-2-nitratoethyl-nitramine ("BuNENA"), trimethylolethanetrinitrate ("TMETN"), 
triethylene-glycoldinitrate ("TEGDN"), nitroglycerine ("NG"), isodecylperlargonate ("IDP"), 
dioctylphthalate ("DOP"), dioctylmaleate ("DOM"), dibutylphthalate ("DBP"), di-n-propyl adipate, 
diethylphthalate, dipropylphthalate, citroflex, diethyl suberate, diethyl sebacate, diethyl pimelate, 
and mixtures thereof The plasticizer may be present in the reactive composition from 
/ approximately 0.5% to approximately 10%, such as from approximately 0.5% to approximately 5%. 
As discussed below, the reactive composition may optionally include a polymer/plasticizer system. 
Catalysts, such as graphite, silicon, iron(III) oxide, sulfiir, or nano-aluminum, may also optionally 
be used in the reactive composition. 

[0024] In the reactive composition, the metal material provides the continuous phase and 
the energetic material provides the dispersed phase, which is in contrast to conventional reactive 
compositions where the energetic material is the continuous phase. The resulting composition may 
have efficient combustion and reduced sensitivity because the energetic material is coated with the 
metal material, which provides an intimate contact between these components. 

[0025] The reactive composition may be produced by adding the energetic material to the 
metal material to form a substantially homogenous mixture or a heterogeneous mixture. Any 
optional components, such as the second metal material or any fillers, may also be added to the 
substantially homogenous mixture. The metal material may be in a liquid state, which is also 
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referred to herein as a "molten metal." The molten metal may be produced by heating the metal 
material to a temperature above its melting point. The energetic material may then be mixed into 
the metal material. If the energetic material is a liquid at the processing temperature, the energetic 
material may be melted with the liquid state metal material to form an emulsion. Energetic 
materials that are liquid at the processing temperature include, but are not limited to, DNT, TNT, 
and TNAZ, which have melting points of 71°C, 8 PC and lOl^C, respectively. If the energetic 
material is a solid at the processing temperature, the energetic material may be dispersed in the 
metal material by mixing the two components. When a solid energetic material is used, the 
energetic material may be present in a coarse particle size to provide a well-mixed, reactive 
composition. For instance, the energetic material may have a particle size ranging from 
approximately 5 |im to approximately 400 [im. Solid energetic materials include, but are not 
limited to, AP, HMX, KN, KP, and TATB, which have melting points of 220°C, 285°C, 334°C, 
610°C, and 450°C, respectively. The temperature at which the reactive composition is processed 
may depend on the melting point of the metal material and the energetic material. In one 
embodiment, the processing temperature ranges from approximately 46°C to approximately 250°C, 
such as from approximately 75°C to approximately 105°C. 

[0026] After mixing, the substantially homogenous mixture may be formed into the 
reactive composition by conventional techniques. For instance, the reactive composition may be 
formed by placing the substantially homogenous mixture into a mold or container having a desired 
shape. If the substantially homogenous mixture has a low viscosity, it may be poured into the mold. 
However, if the substantially homogenous mixture has a higher viscosity, it may be physically 
transferred to the mold. The substantially homogenous mixture may then be solidified to form the 
reactive composition having the desired shape. 

[0027] However, when large amounts of solid additives, such as the energetic material or 
the optional components, are added to the metal material, a high-density gradient may be produced, 
resulting in low homogeneity of the reactive composition. In other words, the metal material may 
separate from the other components in the reactive composition. As such, the metal material may 
be unable to bind the energetic material or the optional components when large amounts of the solid 
additives are present. To improve the homogeneity and the processing of the reactive composition 
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when large amounts of these solid additives are used, the polymer/plasticizer system may optionally 
be present as a processing aid. 

[0028] The polymer used in the polymer/plasticizer system may have a melt temperature 
or softening temperature that is similar to the melt temperature of the metal material. The polymer 
may provide sufficient intermolecular forces to allow the polymer to be evenly distributed in the 
liquid phase. As previously described, the polymer may be an inert polymer, an energetic polymer, 
or a fluoropolymer. The plasticizer may be an inert plasticizer or an energetic plasticizer as 
previously described. The polymer/plasticizer system may be present in the reactive composition 
from approximately 0.5% to approximately 50%, such as fi-om approximately 0.5% to 
approximately 5%. In one embodiment, the polymer/plasticizer system includes CAB and 
BDNPA/F. 

[0029] The polymer/plasticizer system may form a polymeric matrix that is distributed 
throughout the metal material in the liquid phase. As such, the metal material may be uniformly 
dispersed in the reactive composition, increasing the surface area of the metal material. The 
polymer/plasticizer system may also enable the metal material to suspend the solid additives in the 
reactive composition and improve the ability of the metal material to bind to the solid additives. 
When the solid additives are added to the metal material, the sohd additives may be evenly coated 
with a thin layer of the polymer and the metal material. Therefore, the ratio of surface area of the 
metal material to the solid additives is increased. 

[0030] By utilizing the polymer/plasticizer system, performance and processability of the 
reactive composition may be improved. The polymer/plasticizer system may trap other components 
of the reactive composition in its matrix, promoting uniform mixing. As such, the 
polymer/plasticizer system may provide increased flexibility in formulating the reactive 
composition and may enable each component of the reactive composition to be mixed into a 
uniform blend. The polymer/plasticizer system may significantly improve performance of the 
reactive composition because increased amounts of the solid additives, such as increased amounts of 
the oxidizer, may be used. The polymer/plasticizer system may also increase processability because 
the polymer/plasticizer system maintains a homogenous distribution of the components during 
pouring, mixing, casting, and pressing of the reactive composition. 
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[0031] The concern may be raised that the polymer/plasticizer system, while improving 
prdcessability, may reduce or degrade overall energy and performance of the reactive composition 
since many of the polymers and plasticizers are less energetic than other components of the reactive 
composition. Surprisingly, however, the polymer/plasticizer system has been shown to improve the 
energy and performance of the reactive composition. It is believed, without being limiting of the 
scope of the invention, that the metal material may be uniformly dispersed in the polymer/plasticizer 
system, increasing the surface area of the metal material. As the solid additives are added to this 
mixture, the solid additives may be evenly coated with a thin layer of the polymer and the metal 
material, significantly increasing the ratio of the surface area of the metal material to the solid 
additives. Testing performed on reactive compositions lacking the polymer/plasticizer system 
indicated that the metal material may have difficulty acting as a fuel because large pieces of the 
metal material do not react rapidly. However, a uniform, high surface area dispersion of the metal 
material, such as is present when the polymer/plasticizer system is used, may be able to react more 
completely. 

[0032] If the polymer/plasticizer system is not used in the reactive composition, the 
reactive composition may be granulated to form a heterogenous mixture that includes crystallized 
particles of the metal material and small particles of the energetic material and the optional 
components. The granules of the reactive composition may then be pressed into a soHd mass 
having the desired shape. When no polymer/plasticizer system is used, the metal material may be 
present in the reactive composition fi-om approximately 40% to 80%, which is in contrast to the 
higher amounts of the metal material that may be present when the polymer/plasticizer system is 
used. If the metal material is present beyond this range without using the polymer/plasticizer 
system, it may be difficult to produce a uniform composition that is reliable fi-om one sample to the 
next sample. In addition, the reactive composition formulated without the polymer/plasticizer 
system may lack a continuous phase and may be prone to fi-acture. As such, the reactive 
composition without the polymer/plasticizer system is limited in the amounts of the solid additives 
that may be used relative to the amount of the metal material. 

[0033] In contrast, when the reactive composition includes the polymer/plasticizer system, 
the reactive composition may include a wider range of the amount of the solid additives. For 
instance, the reactive composition may include fi-om approximately 13.5% of the metal material and 
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approximately 82% of the solid additives to approximately 85% of the metal material and 
approximately 9% of the solid additives. In addition, the reactive composition including the 
polymer/plasticizer system may be substantially homogenous and uniform, which enables the 
reactive composition to be poured, casted, and granulated without the metal material separating 
from the solid additives. The reactive composition may also be pressed at lower pressures than 
compositions lacking the polymer/plasticizer system. The polymer/plasticizer system may also 
enable the reactive composition to be mixed with less shear work, increasing the safety of 
processing of these reactive compositions. Using the polymer/plasticizer system may also reduce 
the friabiUty of the reactive composition. As ductility and toughness of the reactive composition 
increase, safe handling of the reactive composition may also increase, both during and after 
processing. 

[0034] The reactive composition utilizing the polymer/plasticizer system may be 
processed in extruders, injection molders, and similar processing equipment. If the metal material 
has a melting point from approximately 46°C to approximately 250°C and the energetic material is 
a liquid at the processing temperature, the reactive composition may be produced by a melt-pour 
process in an existing melt-pour facility. Therefore, new equipment and facilities may not be 
necessary to produce the reactive composition. If the metal material has a melting point ranging 
from approximately 75^C to approximately 105°C and the energetic material is a Hquid at the 
processing temperature, the reactive composition may be produced in existing melt-pour faciUties 
used to produce conventional, TNT-containing explosives. While it is desirable for the reactive 
composition to be produced by a melt-pour technique, it is contemplated that the reactive 
composition may be produced by other techniques, especially if the energetic material is a sohd 
material. 

[0035] By utilizing the metal material as the continuous phase, the reactive composition 
may have an increased detonation rate compared to the detonation rate of a conventional reactive 
composition. The reactive composition may also have a higher density than that of a conventional 
reactive composition. In addition, the reactive composition may be more insensitive to accidental 
discharge than conventional compositions, as measured by sensitivity tests known in the art. For 
instance, the reactive composition may be insensitive to friction, electrostatic, impact, and thermal 
incompatibiUty. The reactive composition may also have a high initiation threshold. 
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[0036] The reactive composition of tiie present invention may be used in ordnance, such 
as bullets, reactive bullets, grenades, warheads (including shape charges), mines, mortar shells, 
artillery shells, bombs, and demolition charges. For instance, the reactive composition may be used 
as a fill material in a reactive material bullet. The reactive composition may also be used as a shape 
charge liner, such as in a warhead. The reactive composition may also be used to provide enhanced 
blast, such as by adding the second metal material, such as AIH3, to the reactive composition. The 
reactive composition may also be formulated for use as a propellant or a gas generant. 

[0037] The following examples serve to explain embodiments of the present invention in 
more detail. These examples are not to be construed as being exhaustive or exclusive as to the 
scope of this invention. 

Examples 
Example 1 

Preparation of Reactive Compositions including Indalloy® 174 and TNAZ 
[0038] To fomi a reactive composition having 77.5% Indalloy® 1 74 and 22.5% TNAZ 
(Formulation A), 775 grams of hidalloy® 174 and 225 grams TNAZ were melted in separate, 
plastic, heat-resistant beakers and stirred with wood or Teflon® rods. During melting of the TNAZ, 
care was taken to avoid a buildup of subliming reactive composition on the interior of the oven. 
The melted TNAZ was then poured into the Indalloy® 174 and stirred thoroughly. The Indalloy® 
174/TNAZ mixture was heated at lOO^C for 5 minutes while stirring. The Indalloy® 174/TNAZ 
mixture was removed from the oven and stirred until the viscosity had increased sufficiently to 
suspend the TNAZ. The Indalloy® 174/TNAZ mixture was then cast into an item, such as a mold, 
that had been previously heated to 100°C. The item was overcast and pressed down on the top until 
set. 

[0039] Reactive compositions having 63% Indalloy® 1 74 and 37% TNAZ (Formulation 
B) and 50% Indalloy® 174 and 50% TNAZ (Formulation C) were prepared as described above by 
varying the relative amounts of Indalloy® 174 and TNAZ. 
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Example 2 

Preparation of Reactive Compositions including Wood's Metal and TNAZ 
[0040] A reactive composition having 63% Wood's Metal and 37% TNAZ (Formulation 
E) was prepared as described in Example 1, except that Wood's Metal was used instead of the 
Indalloy® 174. 

Example 3 

Preparation of Reactive Compositions including Indalloy® 174 and TNT 
[0041] A reactive composition having 70% Indalloy® 174 and 30% TNT (Formulation G) 
was prepared as described in Example 1, except that TNT was used instead of TNAZ. 

Example 4 

Preparation of Reactive Compositions including Indalloy® 174 and DNT 
[0042] To form a reactive composition having 75% Indalloy® 174 and 25% DNT 
(Formulation F), 750 grams of Indalloy® 174 and 250 grams DNT were melted in separate, plastic, 
heat-resistant beakers and stirred with wood or Teflon rods. The melted DNT was then poured into 
the Indalloy® 174 and stirred thoroughly. The Indalloy® 174/DNT mixture was heated at 100°C for 
5 minutes while stirring. The Indalloy® 174/DNT mixture was removed from the oven and stirred 
until the viscosity had increased sufficiently to suspend the DNT. The Indalloy® 174/DNT mixture 
was then cast into an item that had been previously heated to 100°C. The item was overcast and 
pressed down on the top until set. 

Example 5 

Preparation of Reactive Compositions including Indalloy® 174 and AP 
[0043] To form a reactive composition having 75% Indalloy® 174 and 25% AP 
(Formulation J), 750 grams of Indalloy® 174 and 250 grams AP were melted in a plastic, 
heat-resistant beaker while stirring with wood or Teflon rods. The AP was incorporated into the 
Indalloy® 174 to produce a paste-Uke material. The Indalloy® 174/AP paste was removed from the 
oven. The Indalloy® 174/AP paste was added in increments to an item that had been previously 
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heated to 100°C and tamped gently between additions. The item was overcast and pressed down on 
the top until set. 

Example 6 

Preparation of Reactive Compositions including Indalloy® 174 and KN 
[00441 Reactive compositions including 77.5% Indalloy® 1 74 and 22.5% KN 
(Formulation K) and 75% Indalloy® 174 and 25% KN (Formulation L) were prepared as described 
in Example 5, except that KN was used instead of AP. 

Example 7 

Preparation of Reactive Compositions including Indalloy® 174 and TATB 
[0045] A reactive composition including 91% Indalloy® 174 and 9% TATB (Formulation 

H) was prepared as described in Example 5, except that TATB was used instead of AP. 

Example 8 

Preparation of Reactive Compositions including Indalloy® 174 and HMX 
[0046] A reactive composition including 63% Indalloy® 1 74 and 37% HMX (Formulation 

I) was prepared as described in Example 5, except that HMX was used instead of AP. 

Example 9 

Preparation of Reactive Compositions including Indalloy® 174, TNAZ, and AIH3 
[0047] A reactive composition having 50.5% Indalloy® 174, 29.5% TNAZ, and 20% 
AIH3 (Formulation D) was prepared as described in Example 1, with the addition of AIH3 to the 
Indalloy® 174/TNAZ mixture. 

Example 10 

Preparation of Reactive Compositions including Wood's Metal, TNAZ, and AIH3 
[0048] A reactive composition having 50.5% Wood's Metal, 29.5% TNAZ, and 20% 
AIH3 (Formulation M) is prepared as described in Example 1, with the addition of AIH3 to the 
Wood's Metal/TNAZ mixture. 
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Example 1 1 

Calculated Detonation Performance of the Reactive Compositions 
[0049] CHEETAH 3.0 thermochemical code, developed by L.E. Fried, W.M. Howard, 
and P.C. Souers, was used to calculate detonation performance parameters for the reactive 
compositions described in Examples 1-10. CHEETAH 3.0 models detonation performance 
parameters of ideal explosives and is available from Lawrence Livermore National Laboratory 
(Livermore, CA). The detonation performance parameters of the reactive compositions were 
compared to those of the conventional explosive compositions, such as isopropyl nitrate 
(''IPN")/Mg (Formulation N); IPN/RDX/Al, (Formulation O); DNANS/methyhiitroaniline/ 
RDX/AP/Al (Formulation P); and RM4/nitromethane (Formulation Q). 
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[0050] The CHEETAH program was unable to adequately calculate the heat of 
combustion and total energy for Formulation F, which may have been a result of the low detonation 
temperature. However, the CHEETAH program was able to calculate these parameters for 
Formulation G, which had a significantly greater detonation temperature. Formulation H had too 
great a density to be calculated. Formulations K and L, which included the inorganic oxidizer KN, 
had a relatively large negative heat of formation that caused it to be nearly inert and difficult to 
obtain useful detonation parameters when combined with the fusible metal alloy. 

[0051] As shown in Table 1, many of the reactive compositions (Formulations A, B, F, G, 
I, and J) had higher calculated detonation pressures and lower calculated detonation velocities than 
those of Formulation N, indicating that these reactive compositions had improved, calculated, 
performance properties. Reactive compositions A-M also had significantly higher densities than 
that of Formulation N. 

[0052] The reactive compositions that included AIH3 as the second metal material also 
had increased, calculated detonation parameters. For instance, the addition of AIH3, as in 
Formulations D and M, drastically boosted the detonation temperature, heat of combustion, and 
total energy of the reactive compositions. A comparison of the reactive compositions having 
hidalloy® 174 or Wood's Metal as the metal material and TNAZ or HMX as the energetic material 
showed that as the relative amount of energetic material increased, the density of the explosive 
composition decreased and each of the other parameters increased. 

Example 12 
Compatibihty of the Reactive Compositions 
[0053] Compatibility of the metal material, the energetic material, and the second metal 
material was also determined. Differential Scanning Calorimetry ("DSC") compatibility data for 
Indalloy® 174 with various energetic materials and AIH3 is shown in Table 2. 
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Table 2: DSC Comparison of Indalloy 174 and Energetic Materials 



Components 


Alloy:Additive 


DSC (exotherm onset, °C) 
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257 
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Example 13 
Sensitivity of the Reactive Compositions 

[0054] Hazard properties were also determined for the reactive compositions that 
contained Indalloy® 174. Laboratory scale hazard properties (impact, friction, ESD, and thermal 
mcompatibility) were measured for the compositions that contained Indalloy® 174, as shown in 
Table 3. These properties were measured by conventional techniques known in the art. 

[0055] The detonation performance of these reactive compositions was measured by a 
Dent and Rate test. A test sample of each of the reactive compositions was held in a steel pipe (3.7 
cm diameter x 14 cm length) that had five holes drilled in the side for velocity switches from which 
the detonation velocity was calculated by regression analysis. The test sample was detonated using 
a booster that was 160 grams pentolite (50 pentaerythritol tetranitrate ("PETN"):50 TNT) and the 
depth of the dent made in a witness plate was measured. The dent depth was correlated to the 
detonation pressure, with a deeper dent corresponding to a higher pressure. 
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[0056] As shown in Table 3, neat Indalloy 1 74 was inert and gave hazard results at the 
least sensitive limit of each test. The TNAZ and AP reactive compositions (Formulations A-E, J, 
and M) were sensitive to impact but were otherwise insensitive. Formulation E was resistant to 
application of a hot wire but burned with a continuous hot flame once ignited. The resulting 
reactive composition was resistant to application of a hot wire but burned with a continuous hot 
flame when ignited. The DNT and KN reactive compositions (Formulations F, K, and L) were 
nearly as insensitive as the neat Indalloy® 174. The Vacuum Thermal Stability ("VTS") showed no 
volatile loss from any reactive composition. The thermogravimetric Analysis ("TGA") of neat 
Indalloy® 174 indicated some weight loss at 188°C, which was well above the normal processing 
temperatures of 100-110°C. The TGA of Formulation A showed significant weight loss at 212°C 
that represented all of the TNAZ in the explosive composition. However, at 100°C, the TNAZ loss 
was only approximately 1%, which was acceptable for short processing times. In each of the other 
cases, TGA weight loss occurred at a temperature that was well above the processing temperature. 
In addition to the Formulations shown in Table 3, an insensitive reactive composition having 
Wood's Metal and TEX was also produced. A formulation having 63% Wood's Metal and 37% 
TNAZ had a TC impact of 26.1 in, an ABL friction of 800 psi @ 8 ft/s, a TC ESD of >8 J, and an 
SEAT (onset) at 163°C. 

[0057] As indicated in Table 3, the measured dent depth of 9.9 mm for Formulation E was 
significantly less than the dent depth anticipated from the calculated detonation pressure of 364 
kbar, which is similar to the dent depth observed with Composition B or Composition C. However, 
the observed detonation velocity of 8.4 km/s was 85% greater than calculated and was similar to the 
detonation velocity observed for very high-energy pressed explosives such as LX-14, which has 
95.5% HMX. Sunilar results were observed for Formulation A. The reactive compositions that 
contained DNT, AP, and KN (Formulations F and J-L) gave similar results to the neat Indalloy® 
174. 

Example 14 

Safety Results for Reactive Compositions including the Polymer/Plasticizer System 
[0058] Formulations having the components listed in Table 4 were produced and safety 
testing was performed on these formulations. Impact properties of the formulations were measured 
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using an impact test developed by Thiokol Corporation ("TC"). Friction properties of the 
formulations were measured using a friction test developed by Allegheny Ballistics Laboratory 
("ABL"). Electrostatic discharge ("ESD") of the formulations was measured using an ESD test 
developed by TC. Onset of ignition exotherms and sensitivity to elevated temperatures of the 
formulations was measured using a Simulated Bulk Autoignition Test ("SBAT"). These tests are 
known in the art and, therefore, details of these tests are not included herein. 



Table 4: Safety Properties of Reactive Compositions that Include the Polymer/Plasticizer System. 
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Formulation 


TC Impact 
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ABL Friction 
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[0059] The results in Table 4 showed that the reactive compositions including the 
polymer/plasticizer system had good safety properties. 



Example 15 

Reactive Compositions including the Polymer/Plasticizer System 
[0060] A quantitative analysis of the effect of the polymer/plasticizer system was 
determined by testing two similar formulations of the reactive composition for compressive strength 
in a Vi-inch diameter cylindrical pellet configuration. The first formulation included 60% Indalloy® 
174 and 40% KP and is referred to herein as the reactive material enhanced buUet-l ("RMEB-l") 
formulation. The second formulation included 56.85% Indalloy® 174, 37.9% KP, and 5.25% of the 
polymer/plasticizer system and is referred to as the "RMEB-1 w/binder" formulation. The 
polymer/plasticizer system included 1.0 wt% CAB and 4.25 wt% BDNPA/F. Both of the tested 
formulations had the same ratio of the Lidalloy® 174 to the oxidizer. 

[0061] Each of the formulations was formed in to a /2-inch diameter cylindrical pellet and 
compressive strength tests were performed on each of the pellets as known in the art. As shown in 
FIGs. 1 and 2, the RMEB-1 formulation was able to withstand a higher load. However, the 
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RMEB-1 w/binder formulation exhibited more elastic deformation even though only a small 
amount of the polymer/plasticizer system was used. The RMEB-1 w/binder formulation also 
exhibited the ability to flow under a load and to resist deformation. 

[0062] In order to determine the effect of the polymer/plasticizer system, the toughness of 
each form was calculated by integrating each curve. As shown in FIG. 3, the RMEB-1 w/binder 
formulation was almost twice as tough as the RMEB-1 formulation. As such, the RMEB-1 
w^inder formulation is less likely to fracture. Fractured materials are less stable and more prone to 
premature initiation from extemals stimuli than nonfractured materials. In contrast, the RMEB-1 
formulation was less tough, more brittle and more prone to fracture. Photographs of the pellets 
before and after the compressive strength tests are shown in FIGs. 4-7. 

[0063] While the invention may be susceptible to various modifications and alternative 
forms, specific embodiments have been shown by way of example in the drawings and have been 
described in detail herein. However, it should be understood that the invention is not intended to be 
limited to the particular forms disclosed. Rather, die invention is to cover all modifications, 
equivalents, and altematives falUng within the spirit and scope of the invention as defined by the 
following appended claims. 
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